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Seeding in the Southwestern Pine Zone for
Forage Improvement and Soil Protection

By FRED LAVIN, range conservationist, Agricultural Research Service,' and
H. W. SPRINGFIELD, range conservationist, Rocky Mountain Forest and
Range Experiment Station,” Forest Service

THE ZONE: ITS TOPOGRAPUY, SOIL, AND CLIMATE

The ponderosa pine zone of Arizona and New Mexico covers more
than 15 million acres or approximately 12 percent of the area of the
two States. Elevations of 1ts forests range from 5,500 to 8,500 feet.
At the lower and drier borders, pine grows in mixture with Gambel

oak,’ pinyon pine, and juniper. With incre asing elevation and mois-
ture the pine changes to a pure stand and reaches optimum develop-
ment at about 7,500 feet. Above this elevation Douglas-fir and limber
pme are usually mixed with ponderosa pine. Pure dense stands of
Douglas-fir are found above 5,500 feet. Spruces and true firs ocenr
above the Donglas-fir belt and occupy the coldest, wettest, and highest
forested areas.

Numerous meadows and parks of varying size occur throughout the
pine forests. These support a variety of grasses and forbs that fur-
nish valuable torage for both livestock and blo game. Most abundant
are the grasses: Arizona fescue, mountan muhl), pine dropseed, mut-
tOll""ldSa, and western w hmtma%q Blue grama and squirreltail are
commonly found in deteriorated areas : and at the lower edges of the
type. Numerous other herbaceous plants and small shrubs also ocewr
itermingled with these grasses.

The topography of the ponderosa pine zone varies from nearly level
or undulating plateaus to steep. rough mountain slopes.  Soils range
from sands to lieavy clays. These are shallow and rocky in many
places and vary greatly in depth.  They are generally low in organic
matter and have ])()()11\ delined profiles,

The climate of the ponderosa pine zoue is favorable for range se e«l
ing (7).* The average dnmml precipitation varies from 18 to 35
inches and comes maml} I 2 periods.  Swmmer rains, which are rela-

'Mr. Lavin was employed by the Forest Service when 1he researclh reported
liere was heing conducted.

*Central headynarters of the Station maintained at Fort Collins, Colo., in
cooperation with Colorado A&M College ; research in the area with which this re-
port is concerned is cooperative with the University and State Colleges of Arizona
at Tucson, Tempe, and Flagstaff ; the University of New Mexico, Albuquerqgue:
and the \P\\' Mexico College of A&, Lax Cruces. Facilities and services con-
tributed by these institutions helped substantially in this study. The authors
also wish to acknowledge contributions from the Soil Conservation Service in
furnishing seed und advice : and to numerous FForest Service employees for tur-
nishing fanhtles and assistance in earrving out the studies, aud in preparing
the HnEnuscript.

P A list of conumon and hotanieal mwnes of species wentioned appears on p. 449,
“Italic numbers in parentheses refer to Literature Cited. p. 50.
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tively intense but of short duration, occur i July, August, and Sep-
tember. More gentle winter storms of several days duration occur m
November, December, January, and February. Winter moisture
nsually falls as snow, and deep snow 1s common at the higler
elevations. 1y

The proportion of the annual precipitation that occurs as sumnmer
rain increases from west to east.  Thus at Flagstaft, Ariz., ApProxi-
mately 40 percent of the precipitation falls during the summer rainy
season, while in the ponderosa pine zone of central New Mexico 60
percent or more occurs during the same period.  Drought is common.
In almost every year plants suffer from lack of moisture in the spring
and again in the fall.  In addition, summer rais or winter snows, or
botli, are deficient enough to seriously impair plant growth and for-
age production 2 or 3 years in each decade. . -

Temperature extremes are great, commonly ranging from maxi-
mums of =100° F. to minimums of —30°. Length of growing season
varies from less than 90 days at the higher elevations to 150 days or
more at the lower altitudes.

The information and seeding guides presented in this handbook
are based on studies made during an 8-year period, 1945-53, in the
ponderosa pine zone of Arizona and New Mexico (fig. 1). Asa means
of indicating artificial seeding results already attained n specific areas
of the zone nnder varying site, elevation, precipitation, and soil con-
ditions, names of the 1945-53 experimental areas will be used here for
their reference value (table1).

Although the experimental areas were concentrated in the north-
western and northeastern sections of the zone. approximately 200
widely distributed snpplementary range seedings have provided suf-
ficient additional information so that recommendations given are con-
sidered to be geuverally applicable throughout the southwestern pon-
derosa pine zone.
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Tasre L—drtificial-seeding study areas in the southwestern ponderosa
pine zone

- Average Soil
el Site .y annual type
Experimental area deseription Elevation " tegtrilro
| tation class
Arizona: Feet I'nches
Fort Vallev_ ____________ Natural pine 7, 400 23.2 | Loam.
opening.
White Horse Lake_ ______|_____do_______ 6, 900 | 22.1 | Clay.
Peterson Flat_____ ______|____ do_______ 6, 500 | 19.6 | Loam.
Little Mountain_________ | Cutover pine 7,700 18. 0 | Clay-loam.
land.
Coconino Sales___________|_____ do_______ 7, 100 220 l Loam to
I clay-loan.
A-1 Mountain___________ Pine purn____ 7, 300 23.0  Loam.
Metz Mountain__________|_____ do_______ 6, 500 | 21.1 Do.
Bamey Pasture__________|_____ do___.._. 6, 700 22. 0 Do.
New Mexico: [
Jarita Mesa__ . ____.______ I Natural pine | S, 300 | 25.0 Do.
opening. -
No Agua_ o _._____|.____ do_______ S, 200 , 18. 0 Do.
I

WHY SEED?
To InPROVE RANGE CONDITION AND FORAGE SUPPLY

There are now thousands of acres of deteriorated natural grassland
openings in the southwestern pine forests. Many of these openings
were once the most productive range areas of the ponderosa pine zone,
Now, forage yields are low and erosion is severe. DBecause former
valuable grasses have heen almost completely replaced by low-value
weedy vegetation, improvement through natural revegetation will be
slow and costly in terms of lost productivity. Since park and meadow
openings in the Southwest are usnally not well adapted to tree growth,
as suggested by the work of Pearson (52), range seeding is a practical
and economical method for rapidly restoring many of these deterio-
rated openings to high productivity. ‘ )

The reward for hastening restoration and increasing forage vields
on seriously depleted openings where natural revegetation is slow 1s
strikingly demonstrated by the following. In northern New Mexico,
2 years after seeding, crested wheatgrass ° yielded 1,360 pounds of an-
dry herbage per acre compared with only 50 pounds from heavily
grazed native range in poor condition (fig. 2). N:}tlve range pro-
tected from livestock grazing for 8 years was in fair condition and
improving as shown by an increase in the more valuable grasses, but
still produced only 200 pounds per acre. Range protected for 23
years had a climax cover dominated by Arizona fescue and mountain
muhly, and a herbage production of 1,300 pounds per acre. ().ther
seeded areas in northern New Mexico have produced up to 15 times
more than native range in poor condition.

° Crested wheatgrass, as used here, refers to Agropyron desertorim, commonly
called Standard crested wheatgrass.
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F-464933, 464932

Ficure 2.—4, This deteriorated natural grassland opening in ponderosa pine
rauge (northern N, Mex.) produced ouly 50 pounds of air-dry herbage per acre.
I, An adjacent 2-year-old stand of erested wheatgrass produced 1,860 pounds
per acre.

The increased forage production obtained from seeding relatively
small, strategic areas can encowrage iniprovement on adjacent areas
by reducing their grvazing load. Artificial seeding offers the addi-
tional advantage of providing a better seasonal distribution of forage.
Species can be used that start growth earlier in the spring, or stay
green later in the fall, than native sumer grasses.  One of the wajor
grazing problems in northern New Mexico 1s the need for early spring
foru;_rp. Seeded stands of crested wheaterass are beginning to be used
to velieve this shortage. Not only does this help to balance the forage
supplies, but it also provides a means for deferring grazing on the high



SEEDING IN THE SOUTHWESTERN PINE ZONE 53

mountain ranges where too early grazing has been the cause of much
depletion in the past (fig. 3)

The agreen forage made available by seeding provides a more nutri-
tious diet than do most of the native species when they are in a dor-
mant, dry condition (Z0). This advantage is especially valuable
during calving and lambing when a high level of nutrition is needed
(23.24). Moreover, the need for expensive supplemental feed is de-
creased (27), and it is often possible to ship grass-fat livestock direct
from vange to slaunghter.

Severe gully and sheet erosion are common 1 the deteriorated pine
openings, even in the relatively flat meadows and parks.  For most of
these openings, the reestablishment of a good vegetative cover is

F-472057, 472059

FIGURE 3.—1, This deteriorated range on the Carson National Forest consisted
mainly of worthless shrubs and weeds and produced less than 75 pounds o
air-dry grass herbage per acre. B, The range 1\( now heing used to f'.eh‘cvgl
early grazing pressure on higher native range. 2,200 acres, see(l‘ed to,(ISSte(t
wheatgrass in 1949, yielded 960 pounds per acre of air-dry grass herbage a
the end of the second growing season.
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usually sufticient to control erosion ; seeding pr(_)vides a dependable and
rapid method of obtaining an adequate protective cover (4, 11,28, 30).
Iowever, it gullying is severe, check dams and mechanical structures
for water spreading are often necessary to ])1‘0‘\'1‘(19 111}t1:11 protection
for the planting and to improve moisture conditions for plant estab-

lishiment.
To PROTECT THE SOIL OF DISTURBED TIMBERLANDS

A need exists in the Southwest for the seeding of disturbed timber-
Jands—that is, timberlands disturbed by fire and logeing, and by
the coustruction of roads, powerlines, pipelines, and other improve-
ments—to reduce erosion.  Wherever practical, such erosion 1s usually
best controlled by the combined nse of mechanical and vegetative
means.  Mechanical control is largely based on the effective drainage
and proper dispersion of the surface runoff waters (4, 25). Seeding
supplements this by providing a protective cover on the land and
reducine the amount and effect of runoft,

Forest fires in Arizona and New Mexico burned at an average rate
of more than 39,000 acres a year during the 6-year period 1946-51,
Measurements on one pine burn in central Arizona showed initial soil
losses from erosion of 1G5 tons per acre durimg the first summer.
Natural recovery of protective vegetation and litter was slow, and
10 vears after the fire erosion was still active.  Based on siltation rates
of catchment basins in unburned parts of the same general area,
normal eroston on comparable undisturbed timberlands was estimated
to be less than one-tenth of a ton of soil a year.

On part of a severe burn in northern \rizona, a protective cover
of 430 pounds of air-dry herbage per acre was obtained in 10 weeks
by seeding with black mustard.  This cover greatly retarded erosion.
On mnseeded parts of the burn, the soil was nearly bare and it eroded
sertously.  On another burn in northern Arizona, intermediate wheat-
grass produced 1,360 pounds of air-dry herbage per acre 2 years after
the burn.  The cover furnished by this seeded species protected the
soill much better than did the 20 pounds per acre of natural weedy
vegetation produced on the unseeded part. Seeded species, because
of the large amounts of organic matter they produce (17), not only
protect a site against deterioration (-70) but may actually improve the
sotl for plant growth, both physically and chemically (29). (Fig 4.)

The development of skid trails and landings. slash c¢leanup by bull-
dozer, and other logging activities destroy much of the herbaceous
and htter cover and compact the soil (2, 72, 26). Severe erosion oftei
oceurs on these areas unless both mechanical and vegetative protection
are provided, resulting in decreased production of both timber (37)
and forage, and damage to improvements (fig. 5). The recovery rate
of' 21‘(198i1‘:lb19 natural protective cover is often so slow that the effects
of disturbances persist over several decades and are sometimes cumula-
tive ‘bet\.\'een frequent loggings (2, 78). In the Southwest where
logging is moving from the gentler, more accessible slopes to the more
rugged terrain, erosion is a matter of inereasing concern. Artificial
seeding 1s rapidly being accepted as a means of decreasing erosion on
areas disturbed by logeing.
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FIGURE £ —Artificial seeding provides a quick means of furnishing protective cover
to hurned over ponderosa pine timberlands. 4, A year-old untreated burn
still lacking a protective vegetative cover amd subject to heavy erosion. B, A
part of the same hurn protected against erosion by seeding to blue wildrye
immediately after the fire.
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F-472088. 472093

These logeing operations often drastically decrease the available
forage over large tracts of timberland (2. 2.3, 74). On some of these
areas, seeding can be used to increase forage as an aid to better live-
stock manacement, Although artificially seeded species compete with
bme reproduction for water, light, and nutrients, they probably offer
N0 greater obstacle to pine regeneration than comparable amounts of

349770°—355
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TreUvre 5.—:A, This untreated logging road lhas only a sparse stand of annual

. . . s : )y

weeds 2 years after abandonment and is still subject to severe erosion. B,

Tart of same road 1 year after being seeded to big hluegrass and covered with
slash ; good protection against erosion has been achieved.

natural vegetation (32, .77). They also have the important advantage
of being easier to manipulate for silvicultural purposes through
species selection, rate of seeding, and livestock grazing, than many
undesirable native plants. Prompt seeding can help keep ont -
desirable weedy species such as bracken, pine goldenpea, and thistles.
Such species frequently offer competition to pine seedlings and some-
times make reforestation difficult or impossible.
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SEEDING DETERIORATED OPENINGS IN THE PONDEROSA
PINE ZONE

SELECTING THE SITE

Seeding to incvease the forage supply on these natural erasslands
1s most useful where the vegetation consists mainly of undesirable
plants or where vemnauts of the more desirable plants ave insufficient
for natural revegetation. On such ranges, soil protection agalnst
erosion 1s usually inadequate and forage yields are low in comparison
with those on similar areas in good condition. However, wheve nat-
ural vegetation can be restored within a reasonable time by improved
livestock-management practices alone (12, 36), seeding for forage pro-
duction is seldom jnstified. ISxceptions to this sometinies occur where
seeding of sites with a faiv to good native vegetative cover appeavs
Justified 1n order to balance the green forage supply through the
grazing season.

Level or gently sloping sites with fertile soil and good moisture
conditions are best for planting. They should, therefore, usnally
receive first attention in any seeding program for forage increase and
improvement. Rough terrain and shallow, rocky, or highly erosive
soils are not promising sites. (renerally, slopes in excess of 15 per-
cent should not be seeded unless erosion-control benefits justify extra
seeding costs.

ADAPTED SPECIES

More than 170 species and varieties have been tested for use in seed-
mg openings of the ponderosa pine zone, but only 23 have shown
definite promise of being well adapted. The relative success of these
species 1s shown in table 2.

The success rating was based on number, distribution, and vigor of
plants that became established within the physical hmits of the site
environment. Where a full stand of well distribnted, vigorons plants
became established the rating was excellent. Toorer stands rated
down through good, fair, poor, and vevy poor to coniplete failure. It
should be noted that relative success 1s not always directly related to
yleld. For example, a low-growing species, such as blue grama, with
an excellent stand might prodnce less herbage than a fair stand of a
tall-growing species, such as tall wheatgrass.

Species used in seeding niust not only be well adapted to the environ-
ment in which they are expected to grow, bnt they mnst also be suited
to the pnrpose for which they are needed. The species listed in table 2
provide ample chotce in meeting tliese requirements in the southwest-
ern ponderosa pine zone. Some of their more important character-
istics are therefore described. The two species that have given the
most uniformly good results and that have shown the widest range of
adaptability are crested wheatgrass and intermediate wheatgrass.

Crested wheatgrass, a vigovous, drought-reqistul)t, perennial bunch-
grass, produces a good amount of forage. Seedlings ave small and
make slow initial growth so that occasionally the first year's results do
not appear snccessful.  Usnally, a good stand develops in the second
ov third year after seeding. One of the most valuable characteristies
of crested wheatgrass is ite ability to start growth early in the spring
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TasLe 2.—LRelative success ratings of 23 species tested at & locations
in ponderosa pine openings

Relative success 2

Species ! o0 e
P Jarita | Fort . }\{(l)l;\t;’ Peterson | No
Mesa Valley el Flat Agua
Long-lived grasses:
Bluegrass, big .~ ____ I G ’ F 0 N
Brome, smooth____________ i G G P NT
Orchardgrass__ __ L I F R 0] NT
Wheatgrass: i
Beardless______ — G i r F I
Bluebuneh____ . I ' 9] VP NT
Western_______ o F 9 I G NT
Crested_______ . . T B (e 3 E
Intermediate.___________ D) D) L I E
Pubescent_____ I E 3 ' I 3
Tallo________ G G R F F
Wildryve, Russtan_________. i y \ F | NT
Short-lived grasses: »
Brome, mountain__________ G G G F NT
Oatgrass, tall_____________ ; b G F | NT
Ryve: [
Mountain_ . __ . i) D) G 3 NI
Winter 3____ Nl G | : E r NT
Timothyv_ __ - I’ P I (9] NE
Wheatgrass, slender___ ___ 12 1D % QG 5
Wildrye:
Blue_________ . . I E F VP N
Canada___._____________ F £ I WP NT
Legumes: [
Alfalfa:
Grimm__________ _ I 1 b P NT
Ladak____ _ I 1’ G ' F NT
Sweetclover (biennial) :
White_______ _ I P ¢ | F NT
Yellow_________ ! P F | F |NT

! Stands ranged from 3 to 8 vears in age,

2 Relative success: E=Excellent: = Good:; FF=Fair; P=Poor; VP=Very
poor; O=Jailure; NT=Not tested. ‘

# Michel’s hybrid variety of winter rve was used in all tests,

when green forage is most needed to supplement native range. In
the Southwest, it often stays ereen and grows throughout the sum-
nier rainy season. It also makes fnrther growth during the fall if
sufficient moisture is available. 4
Intermediate wheatgrass, a long-lived perennial sod-former, 1s
casy to establish hecause of its excellent seedling vicor and rapid
growth, It produces a large volume of forage nnder favorable con-
ditions and is also valuable for green feed during the spring and fall
periods. This arass, however, 1s not so drought-resistant as crested
wheatgrass.  Intermediate wheatgrass does not spread so rapidly by

vegetative means as some of the other sod-formers, such as smooth
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brome and western wheatgrass. Established stands often become
sodbound after several years with a marked decline in production of
both seed and forage.

Big bluegrass, a bunchgrass, is outstanding for its high herbage
yields under favorable moisture couditions. Establishment, how-
ever, 1s rather slow and uncertain. The young plants need caretful
managenent because they are easily pulled up and destroyed by gvaz-
ing. DBigbluegrassisbest suited to the more moist sites,

Smooth brome, a long-lived sod-former, is easily established because
it has good seedling vigor. It produces large amounts of high-quality
forage where well adapted, but requives good moisture conditions and
fertile soils. It 1s not recommeunded for the drier sites. Smooth
brome, because of its vigorous vegetative spread, has a tendeucy to
become sodbound in a few years time.

Orchardgrass, a bunchgrass, germinates readily and produces
strong seedlings. It 1s shade-tolerant and maintains a good stand
even under a fairly dense pine canopy. Seedlings and young plants
frequently are killed during cold, open winters. In the Southwest,
orchardgrass appears to require somewhat more moisture than does
smooth bronie and should only be planted on sites where moisture
conditions are very favorable.

Beardless wheatgrass and bluebunch wheatgrass are closely re-
lated bunchgrasses.  In the Southwest, bluebunch wheatgrass is less
drought-resistant than beardless wheatgrass. These two species have
not been used much in this region because of their undependable
establishment and slow initial growth.

Western wheatgrass is a native sod-former. Top growth is of
single stems from vigorous underground rhizomes. This plant is
very drought-resistant.  When top growth is killed back by drought,
the underground stems may still survive. Western wheatgrass is
especially well suited to heavy soils where runoff water accumulates.
Tt starts growth early in the spring and makes further growth during
the summer rainy season and in the fall. The man disadvantage
of this grass for seeding is its slow, undependable germination and
establishment. This 1s offxet somewhat by its snbsequent vigorons
vegetative spread. .

Pubescent wheatgrass is similar to intermediate wheatgrass m
growth habits and requirements except that it is a more vigorous
sod-former. It has a weaker seedling and is more diflicult to estab-
lish than intermediate wheatgrass. Some deterioration in established
5- and 6-year-old stands of pubescent wheatgrass mdicates that it
may be rather short-lived under Southwestern conditions. .

Tall wheatgrass is a robust, high-yielding bunchgrass and one ot
the latest maturing of the wheatgrasses. It has a strong, rapidly
growing seedling and is easily established. During cold, open win-
ters, mortality has been high even among mature plants.  Tall wheat-
grass requires better moisture conditions than either crested or mter-
mediate wheatgrass and should therefore be used only in the moister
parts of the ponderosa pine zone. ) .

Russian wildrye is a deep-rooted perennial bunchgrass with an
abundance of basal leaves. It begins growth early in the spring
and usually remains green thronghout the snmmer. Fall regrowth
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is also good when adequate loisture is available. The seedling 1s
rather weak and the young plant develops slowly. Onee established,

however, Russian wildrye is vigorous, persistent, aud highly drought-

resistant.

Reed canarygrass and redtop, two long-lived sod-forming grasses

ot listed in table 2., ave wainly suited to sites that have a high water
table or prolonged periods of flooding. The mature plants can endure
short periods of drought. Reed canavygrass has given especially good
results in reducing wave-action evosion when planted ou the borders of
livestock water ponds and other Dodies of stauding water. Redtop
planted iu a gully bronght about a gradnal rise in the water table by
decreasing munofl veloeity, which resulted in more silt deposition.
This in turn greatly improved the forage quality and production on
a former wet meadow (fig. 6). These grasses, particularly reed
canarygrass, ave rather slow to become established because of low
seedling vigor. Once established, however, they spread vigorously
by rhizomes.

"Winter rye, mountain rye, and slender wheatgrass are widely
adapted desirable bunchgrasses that have a shoit life span. The
winter vye tested was of the Michel’s hybrid vaviety. In the Sonth-
west thix has nsually maintained a good stand over two growwng
seasons and then quickly declined, dying out completely by the third
or fourth vear. Mouutain rye appears to be slightly lonzer lived,
commonly maintaining a good stand over three growing seasons and
then dving out rapidly. Slender wheatgrass is the longest lived
species of this group. usually maintaining a good stand over 4 or b
arowing seasons and then deteviorating gradually. On the sites tested,
good amounts of viable seed were produced by all of these species but
stand propagation by voluuteer seeding was very poor. The chief
value of seeding with these grasses is to fill the need for a quick tem-
povavy cover. They all produce large amounts of forage that is
readily grazed by livestock. Also, they are easily established be-
eause of their arge viable seed, strong vigorous seedlings, and rapid
initial growth.

Mountain brome, tall oatgrass, timothy, blue wildrye, and Can-
ada wildrye are other desirable short-lived gvasses. These nsually
attain maximum growth by the second to fifth year, depeudiug on
the species. then gradnally decline and die out. These gvasses have
the same desirable seed and growth characteristics deseribed for the
preceding group of shovt-lived speeies. They are, however, less
dronght-resistant so that their use 1s limited to the more moist sites.

Grimm and Ladak alfalfa. Legiumes ave desirable for their nitvo-
gen-fixing activity in the =oil and for raising the proteiun level of the
forage. Attempts to establish legumes by artificial seeding, however,
have not heen eucouraging.  Of the long-lived legumes, Grimm and
Ladak alfalfa have shown the most promise for seeding throughout the
pive zoue. They are, however, highly relished by deer, rabbits, and
other wildlife. Hence, grazing iujury to the plants in the seedling
stage 1s usually so great that establishment is diflicult.

Yellow sweetclover and white sweetclover, of the short-hved leg-
umes tested, show the greatest promise for seeding use. They are
usually easy to establish aud often produce a high yield of herbage.
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FIGURE 6.—4, A deep gully in a former wet meadow before seeding in 1946, B,
Same gully in 194S; redtop provided a highly effective vegetative cover for
soil stabilization and promoted rapid healing of the gully.

Both of these species, however, are biennials and volunteer seeding even
on the hetter sites usually has not been adequate to maintain a good
stand for a prolonged time.

HERBAGE PRODUCTION OF SEEDED STANDS

The time required to bring a deteriorated range back to cood forage
production by seeding may vary widely. Results indicate that the
more favorable the growth conditions, especially with regard to the
amount of moisture available, the more rapidly range improvement
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and high forage production can be attained. For example, at White
TTorse Lake a stand of crested wheaterass planted in 1946 produced
570 pounds of air-dry herbage per acre at the end of the second grow-
ing season under fainr moisture conditions. At the same site a 1949
planting, after two growing seasons with poor moisture, produced only
940 pounds. At Jarita Mesa, where there were two grownig seasons
with exceptionally good mosture conditions, crested wheatgrass
yielded 1,680 ponnds of air-dry herbage per acre in the second season.

Species differ greatly in their ability to produce high herbage yields
under the same growing (~onditi0ns: At Janta Mesa (table 3), for
example, the 3-year average yield for big bluegrass was almost 114
times as much as that of the next highest species, crested wheatgrass,
and more than 314 thues as much as for the lowest yielding species,
Kentucky bluegrass. Of the long-lived perennials tested at other
locations, intermediate wheaterass, tall wheatgrass, smooth brome,
and crested wheatgrass produced the highest yields, in the order
named, for the moist sites.  On the drier sites, intermediate and crested
wheatorass were best. These two species, widely used in seeding
throughout the pine zone, have given consistently good yields.

Yearly variations iu growing conditions cause considerable varia-
tion in herbage production among artificially seeded species. Rey-
nolds and Springfield (36) found in the Sonthwest that yields of
crested wheatgrass were closely correlated with the amount of precipi-
tation received from Novenber to June. Because this spectes makes
its best growth during the cool spring weather, good moisture 1s needed
at that time for maximmum herbage production. Studies indicate that
other cool-weather grasses are also dependent on good winter-spring
moisture for high herbage yields. Tor example, ficure 7 shows that
herbage yields of interniediate wheatgrass, crested wheatgrass, and
smooth brome were all more closely related to November-June pre-
cipitation than to total annual precipitation.

Caution should be used in projecting herbage vields for yvoung,
artificially seeded stands and i comparing them with native range:
there are mndications that these young stands may reach an early peak
vield and then decline even under light grazing or complete protection.
This has been true in other regions of the West. In the southwestern
ponderosa pine zone, a decrease in herbage yields has heen observed for
some of the stands seeded at the beginning of the 1945 research pro-
gram. However, definite conclusions cannot be drawn from these
observations because of the limited period of record and the influence
ot a severe drought.

In northern Arizona, one pasture of smooth brome that was seeded
more than 30 years ago 1s still highly valued by the owner for the
creen spring feed it furnishes for his sheep. Ierbage yields, how-
ever, are much lower than for adjacent native range in good condition.
This is probably the result of sodbinding and a nitrogen deficiency
the smooth brome stand. Several stands of crested wheatgrass in
both: northern Arizona and northern New Mexico that have been
arazed for 15 to 20 years still equal or exceed good native range i
forage vields.
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TapLe 3.—Herbage -_z/ic'i(_l.s- over a 3-year perviod for 8 §[)efies seeded in
1946 at Jarita Mesa, northern New Mexico

Herbage production, in air-dry
weight per acre

Species 7 '
1947 , 1948 1949 |
[

Pounds | Pounds | Pounds | Pounds
1,370 2,610 | 2,050 | 2 010
1, 680 1, 480 1, 140 1, 430
1, 060 1, 220 1,070 1, 120

Big bluegrass . I o
Crested wheatgrass_ - - ________ :

Slender wheatgrass -~ ____
Western wheatgross. .. ______ 610 750 1, 000 790
Smooth brome____ . __________ 560 760 620 650
Orchardgrass_______________.___ 630 830 | 420 640
Tall oatgrass. ... _______ . 640 650 | 430 570

570 490 610 560

Kentucky bluegrass. ______ __ -
|

1 Annual precipitation in 1947, 28.0 inches; 1948, 26.4 inches; 1949, 20.3 inches.

Mixtures of species for range seeding have been tested for such a
short time that only prelimimary indications of their potentialities are
available. At the end of the third growing season none of 15 peren-
nial grass mixtures tested at White Iorse Lake produced a greater
vield of herbage than the best single-species planting. This agrees
with results obtained i southern Idaho (40) and appears to sub-
stantiate Willard's conclusions (46, pp. 431-447) that where one
species 1s best adapted to a site for high forage production, any mix-
ture of less well adapted species is likely to redunce the yield.

On mmproved pastures where legumes are adapted, legume-grass
mixtures may improve forage quality and increase production over
grasses alone (46). The only test of this on rangelands in the pine
zone was at Jarita Mesa.  There a mixture of Ladak alfalfa, crested
wheatgorass, orchardgrass, and smooth brome, and another of Grimm
alfalfa, crested wheaterass, and slender wheaterass, gave good pre-
liminary results.  These mixtures outyielded the same grasses seeded
i pure stands.  However, big bluegrass, the highest producing single
species, outyielded hoth of the mixtures.

Balancing Seasonal Forage Needs and Improving Forage

Seasonal forage needs can be halanced and the nntritional value of
the forage improved hy lengthening the time durmg which green
feed isavailable. Toaccomplish this. species must be seeded that have
growing periods that will supplement each other as well as the growth
of the native range (17, 40, 45). For example, crested wheatgrass
starts growth very early in the vear and provides good, early spring
grazing. Intermediate wheatgrass, however, stays green longer and
1s more suitable for late spring and early summer grazing. With
summer rains, the native range species start growth and furnish green
forage throughout the summer months, Russian ~wildrye, which
11§11:'1]l)' l]l:‘lk(’@ excellent fall regrowth, is well adapted for fall grazing.
The combined nse of these three species together with the native range
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could therefore provide a constant supply of green forage from early
spring till late fall.

Green range forage as compared with naturally cured range forage
contains larger amounts of some of the niost important required
nutrients, particularly protein, phosphorus, and vitamin .\ (10, J7).
Thus, lengthening the period of green feed also improves the nutri-
tional level.

Table 4+ gives the seasonal value of the more important species used
n seeding for green forage production. This table is based on ob-
servation over an S-year period and supplemented by the results of
other investigators (12, 4}).

TaBLE +.—Seasonal value* of the more important species used in seed-
ing for the production of green foruge in the Southiwest

| | |

: Late
Larly Hprin g
Species spring anfl i Fall
grazing SUTner LR
! CTREINE
Big bluegrass_ __________________________| L F P
Crested wheatgrass_______________________ Gi I o
Russian wildrye__________ Ry (i F G
Intermediate wheatgrass ___ e F G G
Pubescent wheatgrass________ _ e I F G ?
Orchardgrass_ . _____________. S F (i G
Smooth brome_ ________________ o N I [ B G
Western wheatgrass_ - _______. e F 8] I
Beardless wheatgrass_ _ ___________________ K i P
Bluebunch wheatgrass . ___________ _ _____ F O P
Tall wheatgrass_ __ _______________________ B & =

1 Seasonal value: GG=Good; F=Fair; P=Poor.

When range seeding 1s done to increase the length of the grazing
season, species are best planted singly in separate pastures and grazed
in rotation. This provides forage wlien needed, and management is
easier than for pastures planted to mixtures (76, 45). Mixtures in
which the component species vary widely in palatability and season
of use are difficult if not impossible to manage efliciently. .\n ex-
ample of this occurred near Flagstaft, Ariz., where a mixture of
smooth brome and crested wheatgrass was used. DBecause the smooth
brome was far more palatable to the livestock, it wus grazed, and
the crested wheatgrass was left to mature and become even less pal-
atable. In 4 years, the simooth brome was almost eliminated by over-
grazing.

Grazing Preference

Grazing preference, or palatability, should be considered when
selecting species for seeding to meet grazing needs. Limited grazing
trials that allowed livestock free choice of species artificially seeded
were made at Jarita Mesa and the Fort Valley Experimental Forest.
Although these trials included only a few species tested for fall graz-
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ing, they illustrate the difference in utilization that can be expecte
when species that vary in palatability arve grazed together.

At Jarita Mesa (39), cattle were allowed free-choice grazing of
seeded grasses over a 23-day period from Aungust 21 to September 1¢
During the first week no one species made up more than 26 percen
of their diet, yet certain species were clearly preferred. As thes
became searce, a progressively greater proportion of the others wer
consumed (fig. 8). Cattle showed the greatest preference for grasse
that were most succulent during the grazing period: 01'ch:1rﬁgmss

F-472055, 472056

Al — o = . . .
DISH‘EI?,;_TP“I‘E fWo plots in the same field were subjected to free-choice fall
e Q[}, ’;'? bluegrass, a species of low palatability in the fall, was only
ased, . ed B Smooth browe, a highly preferred fall species was beavily
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smooth brome, and slender wheatgrass. Crested wheatgrass, tall oat-
grass, and Kentucky bluegrass were considerably less palatable, and
big bluegrass and western wheatgrass were grazed the least. At the
Fort Valley Ixperimental Forest, smooth brome—the most sicenlent
grass—was preferred to crested and intermediate wheatgrasses by
sheep grazing during a September 20 to October 10 grazing period.

These results suggest that grasses that stay green and succulent well
into late summer and fall provide preferred forage during that period
and may be particularly useful for late-season grazing. Also, they
further illustrate the need for considering the relative palatability
of the component species in mixtures. Unless plants of similar pref-
erence are used together, selective grazing may eventually eliminate
the highly preferred species. .

On large plantings, cattle distribution might be improved by plant-
ing highly preferred species on areas that generally receive light use
zznc)l the less preferred on heavily used areas, such as those near water

22, 39).

GUIDES FOR ESTABLISHING SUCCESSFUL SEEDED STANDS

Successtul range seeding depends upon the use of good planting
methods. The main considerations are (1) site preparation; (2) seed
distribution and coverage: (3) seeding rates; and (4) time of plant-
mg. Special consideration for all of these often makes the dittevence
between success and failure.

Site Preparation

Removal of the competitive native cover before seeding is essential
for good results. Plants of seeded species have a difficult time be-
coming established. and they often die if most of the soil moisture
1s being used by the low-quality native vegetation of the deteriorated
site. Reynolds and Springfield (36), for example, found that the
greater the amount of competition removed the better the establish-
nment of the seeded stand.

On heavy or compacted soils in poor physical condition, shallow
cultivation to a depth of 3 or 4 inches improves the structure of the
surface soil (3. 29). This, in turn, favors seeding success by immprov-
ing the water absorption and aeration conditions necessary for good
plant growth. Deep cultivation under range conditions usually gives
no particular advantage over shallow cultivation. Nctually. 1t s
sometimes detrimental where seeding has to be done soon after culti-
vation, because it creates an excessively loose seedbed; or the more
fertile topsoil may be covered by raw, unproductive subsoil (3. 30).

Disk-type plows (fig. 9. 4) and extra-heavy-duty offset disk harrows
with weights of 500 pounds or more per foot of cutting width (fig. 9,
B) have generally proved best for preparing sites, They are superior
to moldboard plows and other similar types of equipment, because they
can be operated more economically, with less power, in rockier ground.
and nnder a wider range of soil conditions. ‘

Disk plowing has generally produced the best site preparation, as
ndicated by seeding resnlts. At White Horse Lake, for example. turn-
ng the heavy clay soil to a depth of 3 or 4 inches with a standard disk
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-

F-472058, 472100

I'teuer 9.—d4, The brushland plow, recently developed by the U. S. Forest

Service, ias proved very eflective for site preparation under a wide variety of
conditions.  Paired disks, held in the ground under spring temsiun, rise over
stumps or rocks, thus reducing breakage. Cost of site preparation is greatly
reduced by pulling two of these plows in tandem. B. The extra-heavy-duty
offset disk is well suited for preparing sites where soil are heavy and rela-
tively rock-free. Here it ix heing used to remove low-value plants from a
deteriorated pine opening.

plow destroyed the competing vegetation and left the soil in a satis-

=

factory condition for planting. An average of 0.7 crested wheatgrass
plant per square foot was established, enough for a full stand. Once
over with a light offset disk gave poorer site preparation, and only
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0.1 plant per square foot was established., an madequate stand. it g
disturbed only a small part of the eground surface
little of the competing vegetation : ouly
wheaterass beeante established. Planting without site preparation
resulted in almost complete failure. Al seeding was done with drills,

Firming the soil by disk harrowing or cultipacking improves stand
establishment in regions other than the ponderosa pine zone, especially
where the seed is planted with a single-disk grain drill on loose sojls
(%1, 46, pp. 431-447). In the Southwest. however, the use of these
methods after initial shallow Plowing has not improved stand estal-
lishment. The smoother soil surface resulting from disk harrowing
or eultipacking is generally not desirable wherever wind and water
eroston is likely to be serious.

and removed too
an occastonal plant of crested

1.8 =
1.6 =~
Intermediate wheatgrass
Crested wheatgrass
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METHOD OF SITE PREPARATION

FieUkE 10.—Effects of different methods of site ])l‘&‘]):l{‘:l‘tiiln upon thevesl:xl‘)]ixh-
ment of crested and intermedinte wheatgrass at White Horse Lake, Ariz.
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Iligh standards for site preparation should always be observed.
Iowever, there are indications that cultural requirements may vary
somewhat with seedling vigor of the species used (40). At White
Horse Lake, for example, intermediate wheatorass with its large,
vigorously germinating seed and strong seedling became well estab-
Lished when planted after the site was prepared by either a disk plow
or a lighter tandem disk. Crested wheatgrass, which has a relatively
weak seedling, became well establishied only when planted on the better
prepared site, obtaimed with a disk plow (fig. 10).

Effects of ditferent intensities of site preparation may persist over
a nuber of years. .\t White ITorse Lake, crested wheatgrass planted
after disk plowing mitially outyielded stands planted where less in-
tensive methods were used. At the end of 4 growing seasons, plant-
ings on the plowed areas were still best, yielding almost 3 times as
much as plantings on areas prepared with a light tandem disk, and
more than 4 times as much as those on pitted areas (fig. 11). Differ-
ences between the plowing and disking seenied to be mainly the result
of the depth of cultivation, since nearly all of the native plant com-
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: IG;L_‘(R(IIE _1.1‘_1{9'“"(1““1 effects of different site-preparation methods on the
production of crested whentgrass planted in 1948 ut White Horse Like, Ariz.
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petition had been eliminated. For pitting and where there was no site
preparation, however, the competing native vegetation had not been
adequately renioved and plant establishment for the seeded stand was
poor. The more intensive site-preparation method may thus more
than pay for itself not only in more certain establishment, but in
increased forage yields over several years.

Seed Distribution and Coverage

The main requirements of a good planting method are uniform seed
distribution together with good control of rate and depth of seeding.
Drilling most nearly fulfills these requirements. Broadeasting is
useful where drilling is not feasible because of rough, rocky, or trashy
ground or 1naccessibility. )

Covering the seed helps to protect it against loss from drving,
excessive heat, and rodents and msects. Care must be exercised, how-
ever, to prevent covering the seed so deeply that the seedlings are
unable to emerge.  Optimnm planting depth for most of the species
adapted to pine openings is 15 to 1 inch (7, 72. 20, 37). KExceptions
are the smaller seeded species. such as orchardgrass, big bluegrass,
timothy, the alfalfas and sweetclovers, The best depth for these is
14 to 15 inch.  Seed should be planted slightly deeper on light sandy
soils and shallower on heavy clay soils or soils that crust veadily.

Although drilling is usnally the most dependable seeding method
(21, 36), broadcasting on a loose, well-prepared seedbed will often
give as good results. This is illustrated in the following data for a
plowed seedbed at White Horse Lake where favorable raintall ocenrred
soon after planting.

CoMPARATIVE YTELDS Fronr 3-YEAR-OLp Crestinp WHEATCRASS

Seedbed preparation Air-dry herbage yicld

and planting method t per acre (poHnds)
Disk plow: 7
P, e R G145
Broadcast __________ I U 1)
Disk:
Drill R 265

Broadcast ____________________
No preparation : -
ol 60

Broadcast ______________

______________________ 130

*All broadcast seeding made without mechanical seed coverage,

On the poor seedbeds, however, the benefits of diilling are more
marked. Here the drilled areas produced more than twice as much
as the broadcast. These results also indicate that drilling cannot en-
{irely compensate for poor seedbed preparation.

The single-disk grain drill has given good results on trashy or hard
seedbeds. To minimize hreakage, it should not he used on excessively
rocky or trashy sites or on steep slopes and shonld he operated at speeds
of only 2 to 3 miles per hour.  On loose seedbeds where there is d:m‘;:er
of the seed being planted too deeply, depth regulator bands on the disks
can be used. Seed broadcast on a loose soil surface is usually ade-
quately covered by natural sloughing and settling. Where the ground
has not been well loosened by cultivation during the preparation of

349770°— 55—+
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doed
the site, or where it has become compacted again. mechanical coverage
1S necessaly. ' ‘ _
Rotary-type hand seeders ave well suited for broadeasting small
aveas. Where greater acreages are involved, the use of larger me-
chanical broadcasters of either the seedbox or rotary type 1s more
efficient.  When seed coverage after broadcasting 1s necessary, it can
be done satistactorily with light harrows or disks, or with drags
constructed of brush, rails, or cham.

Rate of Seeding

Optimum rate of seeding varies with quality of seed, size of seed,
seedling vigor, growth characteristics of the species, conc}mon of the
seedbed, and the efliciency of the seeding method (7, 21, 37). Table 5

TaBLE b—Standurds of seed quality and recommended seeding rates
for species adapted to the ponderosa pine zone

| |

g Seeding
Species Purity ! G?rig:]nlm- rate per
| acre?
Alfaifa: Percent Percent Pounds
Grimm____________________________ 98 | 390 8-10
Ladak . _______ 98 390 | 8-10
Bluegrass, big___________ e o e S5 72 6-10
Brome: ‘
Mountain_ - _________ S a8 | S5 | 10~15
Smooth_ o] 93 88 S-12
Oatgrass, tall___________ . e 85 S0 10-12
Orchardgrass . ___ cccmaomoad 85 85 6-10
Rye:
Mountain_ . - R S | IS B 15-20
Winter. o . ccccmomead 97 78 15-20
Sweetclover:
White_ _ __ . ~ e 98 390 8-10
Yellow___ o —oood 9 390 §-10
Timothy____ S 97 S6 4-6
Wheatgrass:
Beardless . ________________ __ ____ 92 90 | S-10
Bluebuneh_ _ _ R I I | 94 90 8-10
Western - . U S0 SO | 10-15
Crested. - e 95 85 | 4-7
Intermediate . _ . __ e 89 91 6-10
Pubescent - __ . 93 85 6-10
Stender_ - _____________________ 95 SH 8-10
Tallo o . | 94 90 S-12
Wildrye: : {
Blue. . 96 S8 | 10-15
Canada_______________ . . 85 S5 10-15
Russian_____________ o g 91 85 S-10

!'When seed is used that does not meet the specified standards of purity and
germination, seeding rates must be inereased to compensate.

* The lower rates are for use under the most favorable seedbed conditions,
where there is a good chance for a large percentage of the seed to develop into
Imature plants.  The higher rates are for poorer conditions where there is the
possibility that much of the seed will be tost, For seeding mixtures, reduce and
adjust according to the numboer of species sown and the proportion desired.

3 Medium percent hard seed.
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gives the recommended standards of seed quality and seeding rates for
adapted species based npon tests, experience. and othier available in-
formation pertinent to the Southwest (7, 8, 72, 42). TFor most of the
species, these rates have heen nsed with success on either experimental
or project plantings. Iowever, they are not all based on critical
tests of comparative rates and therefore cannot be claimed to be
optimun.

The use of appropriate seeding rates 1z important for successtnl and
economical range seeding. Too little seed results in a sparse initial
stand that requires a long waiting period before full production is
achieved. Moreover, during this time the stand is always open to the
danger of invasion by nndesirable, weedy plants (27). On the other
hand, too much seed increases costs without increasing benefits. 1t
may actually be harmful where moisture i1s limited; competition
among individual plants can be so intense that the chances of obtain-
ing a vigorous imtial stand will be lessened (36, J7), and crowding
often reduces herbage yvields (6, pp. J31-447).

Some of these etfects are illustrated by results from tests at Fort
Valley, \\riz., (fig. 12). Crested wheatgrass was seeded at rates of 4,

120 = 121bs.per acre;
6in. spocing
- \ ~ /
L ~
100 -percent base)
A\GIbs.per ocre; /\( P
~ 121in. spocing /
5 /
S /
Y 90t
: / ~
< / ~N
Q /
~
Q golk /
g 80 Y
/
7/
70— /7 4lbs.per acre;
/ 18in. spocing
/
60—
|
50 ' | :
1948 1949 1950 1951
YEAR

FicURE 12.—Effect of seeding rates and drill row spacings on relative yields of
crested wheatgrass stands planted in 1047 at Fort Valley Experlmen_tal 'l orest,
Ariz. (Annual precipitation October 1 to September 30: 1948, 17.1 inches:
1940, 27,4 : 1950, 19.5; 1951, 18.2.)
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acre in drill rows spaced at 18, 12, and 6 inclies,

During 1948, when the plants were still too
small to fully occupy the site, and also in 1949 when moisture conch-
tions were above average, the highest seeding rate produced greatest
yields. DBut in 1950 and 1951, which were dry years, stands from the
lowest seeding rate produced highest vields.

6, and 12 ponuds per
respectively, i 1947.

Drill Row Spacings

When seeding rangelands with a drill, 12-1ch dl"i“ row spncings

are commonly recommended. In some eases 6- or T-inch spacings are
preferred on ‘moist sites, and spacings wider than 12 inches on the drier
ones. .
Tests with tall fescue in Texas indicated that plant survival could
be increased by planting in rows spaced at least 14 inches or more
apart.  Also, yields were stanificantly greater in the wider drill row
spacings at the smme seeding rate per acre (/9). Although tests with
crested wheaterass in Montana and Idaho showed no significant dif-
fevence in herbage yields from drill row spacings ranging from 6 to
30 inches, the 6-inch spacing was preferred for protection against
erosion and weed invasion, and for producing a finer, more palatable
forage (20).

As alveady shown (fig. 12), 18-inch drill rows and a low rate of
seeding produced highest yields of crested wheatgrass m dry years
at Fort Valley, Ariz.  Similar resnlts were obtained on dry sites north
of Williams, Ariz., and in northern New Mexico. At all locations,
eoreatest size and vigor of seedlings and mature plants alike were
obtained with the widest spacing (18 inches) and the lowest seeding
rate (4 pounds per acre) (fig. 13). Also. the widely spaced plants
staved greener during dry pertods. ITowever, earher yields were
higher from the closer row spacings, and later the plants tended to be
finer stemmed and perhaps most palatable,

At Teast for crested wheatgrass, the experimental evidence, togetler
with observations of many plantings, suggests that a drill row spacing
of 12 inches 1s genevally well snited for the conditions found in the
southwestern ponderosa pine zone. This spacing, together with the
median seeding rates shown in table 5, has resulted in good forage
production, and the ground eover obtained is apparently adeqnate
protection against erosion and the invasion of nndesirable weedy
plants.  Any deviation should probably be toward ¢loser spacing and
higher seeding rates for the moister sites or poor seedbeds, and wider
spacing and lower seeding rates for dvier sites and good seedbeds.

Best Time for Planting

Moisture is the most important single factor affecting the success
ful establishment of seeded stands (7, 20, 36, 41). Temperature,
although important, is much less limiting (4Z). Throughout the
southwestern ponderosa pine zone the driest weather occurs during
the spring months of April, May, and June, and the next driest oc-
enrs in the fall months of September and October. The largest and
most dependable amounts of rainfall of the entire growing seasoll are
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F-472105, 472106, 472104

Freure 13.—Adjacent 3-year-old stands of crested wheatgrass at Fort Valley,
Ariz, Larger plants with increased vigor resulted from wider drill row spac-

. ings and lower seeding rates. 4, 18-inch spacing, 4 pounds of seed per acre;
B, 12-inch spacing, G pounds of seed per acre; C, 6-inch spacing, 12 pounds of
seed per acre.

usually received dulmfr the summer months of July and August.
November, December, January, and February, though nsual]y re-

celving good ])leclpltdthll, are mainly too cold for germination and
growth (7, 36).
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For the sonthwestern ponderosa pine zone as a whole, plantings
made from about the middle of JJnne to the middle of July, just prior
to or at the beginning of the summer rains, have been most consistently
successful.  However, even plantings m this season may fail n years
when rainfall is ereatly below average. Later plantings do not have
fnll advantage of all the summer precipitation, and, the results are
thevefore less dependable. Because seedlings from early summer
plantings are generally further developed, they survive winterkill,
frost heave, and dronglt better than plantings made at other seasons
(7,20, 56). ) : _ . .

The principal danger to spring plautings 1s from light, infreqnent

showers that may provide enongh moistnre for seed germination but
not enouch for the swrvival of the seedling. Plantings during this
senson mav occasionally be successfnl when moisture conditions are
unusually favorable o1 when the weather is dry enough to prevent
cermination until dependable smmmer rains begin. Spring plantings
sniter more from weed competition than plantings made at other
times.
Seed planted in the fall either germinates before winter begins, or
it lies dormant through the winter and germinates on early spring
moisture. The small size of fall seedlings makes them more suscep-
tible to winterkilling and frost heaving than are larger plants. Mor-
tality during the spring dry period is high for both fall and spring
seedlings unless there is an abundant reserve of soil moisture from
melting snow.

A\ dependable heavy snowtall, which usually occurs at the higher
elevations. increases the possihilities for successful fall plantings.
The snow blanket protects secedhngs from frost heaving and other
winter injury. Moreover, the melting snow provides enough addi-
tional moisture to carry the young plants through the normally dry
SPring season.

Figure 14 indicates how nmmportant the seasonal distribution of
precipitation was for 8 grasses seeded over a d-vear period at Fort
Valley. Ariz.  In 1946, a year when the largest amount of rain fell in
August, the July plantings excelled. In 1947, the May as well as the
July plantings were good because the spring was so dry that the seed
planted in May remained dormant until July. Thus. both plantings
had full advantage of the summer rains. The November plantings of
1945 were unusually good because of an extremely heavy snowfall that
melted slowly and kept the soil moist until late spring. The Sep-
tember plantings were good in 1949 owing to an unusually large
amount of rainfall dnring September and October of that year. Both
May and July plantings were best in 1950 because the May-June
period was very dry and July was the only month that received favor-
able precipitation. For the H-year period as a whole, the summer
plantings were the only ones that consistently rated good or better.

Final judgment of seeding success should be delayed for at least two
Srowing seasons.  Sometimes germination is delayed or seedling
growth is slow during the first vear, but such stands frequently over-
come any initial setback and are highly successful. Moreover, seed-
lings of some species, such as cvested wheatgrass, ave small and eastly
overlooked the frst growing <eason. '
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Ficure 14.—The relation of seasonal distribution of precipitation to the success
of range seeding. for stands seeded in May. July. September, and November
146-50.  (Fort Valley Experimental Forest, Aviz.)

GUIDES ForR GRAZING SEEDED STANDS

Good livestock management is essential for the establishment and
maintenance of seeded stands. Seeding should be a carefully inte-
grated part of the overall range-management plan, not a substitute
tor 1t.

For the greatest efficiency, integrated plans for grazing-manage-
ment fences, water development, and other range facilities should be
made before seeding. Fences can often be used for the dual purpose
of protecting the initial seeded stand and for livestock control after
stand establishment. More water developments and fences are usu-
ally justified by the increased forage on seeded ranges. Well-located
range improvements will more than pay for themselves in benefits
derived from the easier management and more eflicient use of the
seeded stand.

Management of New Stands

New plantings need protection for at least the tirst two growing
seasons so that the plants can develop enough root system and top
growth to withstand grazing. If seed has been produced, very ]lght
arazing at the end of the second growing season may be beneficial.
For example, on the Carson National Forest in northern New Mexico
light grazing of crested wheatgrass during the S@(‘O]l(1 year, when the
seed was in the shattering stage, resulted m a thickening of the st_:md
and the establishment of new plants in bare spots. On the part of the
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stand protected from grazing, new seedlings were much less numerous.
Grazing of young stands when the ground is moist and soft 1s especi-
ally harmful. 1t causes qndes]mble sol compaction and, in addition,
the young plants ave casily pulled out of the ground and destroyed

by the grazmg animals.
Grazing Established Stands

The most important single rnle to follow m tlle'{llqllngelllellf, of
established seeded stands is conservative grazing. ‘This gives max-
smum beuefits in maintenance of the stand, in hvestock production,
and in soil protection. Overuse, on the other hnnd, causes stungl_de-
teriovation, which ultimately means lower grazing capacity. [“f]]lZ}l-
tion standards have not yet been developed for most of tbe species
adapted to seeding. However, preliminary research results for crested
wheatgrass (36), and experience from grazing large plantings, show
that stands can be satistactorily maintained when up to 50 percent
of their total herbage is grazed.

The anuual grazing capacity of seeded stauds fluctuates widely
in respouse to growing conditions.  When moisture is plentiful, forage
production is high. But drought lowers plant vigor and causes low
vields (fig. 7, p. 15).  To avoid jeopardizing the survival of a seeded
stand. grazing mauagement must be flexible enough to take advan-
tage of extra forage during good years and to decrease grazing use
when forage production is low durmg poor yvears. If this is not pos-
sible, the best alternative is to stock at the Jower limits of forage
production.

The fluctuations in grazing capacity of crested wheatgrass, based
on Ho-perceut utilization at Fort Valley over a 4-year period, point
up the danger of trying to stock a seeded stand on the basis of aver-
age grazing capacity. Acreage required per cow month: 1948, 1.82;
1949, (.82 1950, 2.08; 1951, 2.22: average, 1.73. Had stocking been
based on the average requirement of 1.73 acres per cow month, the
stand would have been overgrazed in 3 out of 4 years.

While there is admittedly some danger of error in predicting the
amount of forage that will be available each year on any seeded stand,
the stockman or range administrator can make reasonably satisfac-
tory adjusturents in numbers of livestock on the basis of observation
aud experience. Visual appraisal of the range at the time livestock
are turned in, study of stocking and utilization records of previous
evazing seasons, and consideration of current rainfall and weather
conditions will all aid in setting the proper stocking vate. Utilization
checks should also be made periodically throughout the grazing sea-
son to make certamn that the stand is not being overused.

Cowpositional changes may occur in seeded stands that ave grazed
at the same season year after vear. Fov exwuiple, continued heavy
spring use of crested wheatgrass each year may weaken it to such an
extent that it is unable to resist the invasion of native warm-weather
growers such as blue grama and sand dropseed. Similar changes
composition may take place during years when winter and spring
moisture 1s extremely low and summer rainfall abundant. In 1950
and 1951, when these conditions prevailed, both blue grama and
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sand dropseed inereased greatly in several crested wheatgrass stands.
Occastonal rest from spring grazing may help to prevent undesirable
shifts 1n composition.

Even Utilization of Seeded Stands

Wide variations in utilization commonly occur even on relatively
small seeded areas. Overnsing one purt of a stand while underusing
another because of poor livestock distribution is not only ineflicient
and wasteful but may injure or destroy the plants on the overgrazed
areas. Poor distribution can be held to a minimum by fencing, water
development, salting, and riding. Some administrators and stockinen
have found it feasible to haul water to their livestock and to change
watering places and salt grounds at frequent intervals in order to
get the most even and eflicient utilization of their seeded stands.

Experience has shown that livestock will often concentrate their
grazing on a seeded stand and ignore adjacent available native forage.
This is especially true when native plants are dormant and dry but
the seeded species are green and succulent. Under such conditions,
seeded openings must either be fenced and managed as separate units,
or if left nnfenced, the use must be based primarily on the grazing
capacity of the seeded avea.

CosTS AND RETURNS

Cost and benefits of seeding ave both direct and indirect (37). Di-
rect costs include outlay for site preparation, seed, planting, fencing,
and 1n some cases the development of new water facilities. Indirect
costs include such items as interest on investment and loss of grazing
use during the period requived for the establishment of the seeded
stand.  Smce some tailures are inevitable, risk should also be included
as an indirect cost.

Divect benefits of seeding consist of such obvious values as more
ad better forage production with decreased supplemental feeding,
and improved condition of animals including more salable meat and
wool produects. The indirect, less eusily evaluated benefits may in-
clude a more compact operation with reduced costs in handling the
livestock. reduction of noxions and poisonons plants, aud redunction
of soil erosion.

Because costs and retmms are <o greatly affected by location, site
conditions, facilities for doing the work, wage scales, and other vari-
able factors. records from any particular planting can only be applied
In a general way to otlter aveas. Values ave given in figure 15 tor a
U. 8. Forest Service planting of 2,200 acres of crested wheatgrass on
the Carson National Forest 1n northern New Mexico. This planting
was started in 1949 and completed in 1950.

Figure 15 shows some of the more important seeding costs that must
usually be considered and, for this particular planting. their propor-
tion of the total cost. The largest single cost was for site prepara-
tion, $3.09 per acre. Equipment-repair cost for this particular proj-
ect, $1.94 per acre, was unusually high: about $1.25 per acre is a more
representative figure (7). Cost for crested wheatgrass seed planted
at an approximate rate of 5 pounds per acre was 95 cents per acre;
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Site preparation
35 %

TOTAL COST
PER ACRE

Equipment repair
22 %

Ficure 15.—Distribution of planting costs for a 2,200-acre range seeded to crested
wheatgrass in northern New Mexico, 1949-50.

drilling, 84 cents: equipnient transportation, 66 cents; and supervision
and miscellaneous, 23 cents.

Because slightly less than 10 percent of all seeding on national-
forest lands In the Southwest has required replanting, a charge of
SO cents per acre (9 percent of the total seeding costs) is made for
risk.  The value of the native forage lost during the 2 years when the
seeded range was closed to grazing to insure successful establishment
was estimated to be 27 cents per acre.  This was based on aetual forage
measurenents and a commercial value for the range forage of $3 per
cow month of grazing. In addition to the above costs, fencing is
often required in order to make the most etfective use of a seeded area.
However, suclu cost cannot be eharged entirely to seeding because
fencing might also he necessary for proper livestock control on the
native range.

Grazing use of this planting was begun the third year after seeding.
During that vear, 400 cattle were turned into the seeded stand early
m May and kept there for ¢ weeks. At a stocking rate of 3.9 acres
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per cow montli, less than 25 pevcent of the current spring herbage was
utilized. In addition to grazing, 10,000 pounds of seed was harvested
froun 94 acres of the planting, averaging 106 pounds to the acre.

Results of 5 years of measurements on other crested wheaterass
stands indicate that 3 acres of erested wheatgrass, when moderately
grazed at 50 percent or less utilization, will easily provide a mouth's
grazing for a cow m the southwestern ponderosa pine zone. Assum-
g a longtime average of 3 acres of crested wheatgrass needed per
cow-month of grazing and a common commercial value of $3 per
cow-month of pasturage, the annual return from grazing on this
planting is $1 per acre compared with 1314 cents per acre from nearby
native range. No attempt 1s made to evaluate the many other beunefits
that will be obtained from this planting. Sowme of these benefits are
a balanced forage supply and early green teed: an improved higher
native range brought about by a veduction in early spring grazing
pressure : and an improved, protective soil cover.

The potential productivity of the land rather than its current
market value, should be the basic criteria for seeding. For example,
on sonle sites and under some conditions as much as $20 per acre
wight be a good investment. Again, on poor sites and where seeding
cannot help muech with eritical forage needs, even $4 per acre would
be a poor investment uuless other benefits such as erosion control and
watershed improvement justified most of the cost.

Seeding 1s only one of the ways of improving rangelands. Before
attempting any extensive, costly seeding work, therefore, the possi-
bilities of 1mproving the native range through better management
practices should be carefully considered. And even seeding should
be doue as part of an overall range-management plan whereby not
only the seeded area but the native range as well is improved aund
properly managed.

SEEDING FOR SOIL PROTECTION ON BURNED OR
DISTURBED TIMBERLANDS

Site protection against erosion is of the ntmost importance 1 the
interest of future timber production on areas where it takes 20 to
30 years to get adequate, natural restocking of pouderosa pe (32).
Sven where tree planting is used to hasten reforestation, some her-
haceous cover is needed to hold the soil until the trees can stabilize
the site. Tu addition. herbaceous cover atfords protection to young
pine seedlings against evaporation, temperature extremes, and other
adverse physical conditions.  On the other hand, it offers competition.

Competition alsways occurs where two or move plants make demands
on the same water, nutrients, or light energy in excess of the supply.
The most successful individuals suppress the weaker ones and as a
result the latter are dwarfed or die (43). Vegetation also modifies
the microclimate and soil conditions and wmakes them more favorable
for some of the plant competitors (6). By recognizing and apply-
ing these basic principles, seeding can be a useful tool for encourag-
ing maximum sustained timber production as well as for watershed
and forage improvenient. _

The compact clay subsoils exposed on many deteriorated timber-
Jands are unfavorable for pine establishment (32), because of de-
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ficiences in moisture, nutrients, and aeration. These poor soils, com-
pared with the better soils of comparable sites that have been pro-
{octed by a herbaceous cover, result in slower tree growth and less
timber production (23). .\ seeded herbaceous cover protects the soil
against erosion and (1(‘1(‘l'i()}‘:l('l()ll, :mfl it may even improve so1l con-
ditions while pine is becoming established.  Infiltration is ncreased,
often making more moisture available for plant growth.

That herbaceous vegetation is hoth beneficial and detrimental to
pine reproduction in this region was shown by DPearson (32). A
cover of native tall grasses or forbs tnvorpd pine ,Q'(’l‘l]lll]:lf.lon‘zlll(]
establishment the first vear through protection against excessive 1nso-
lation, wind, winterkilling. and frost heaving.,  After the first year,
these benefits were counterbalanced by competition for soil moisture
aud in some eases lieht, which slowed the growth ot the pine seeclings
and increased their mortality vate.  Pine reproduction generally suc-
ceeded. despite corupetition from the herbaceous plants, unless the
latter were of unusual density and luxuriance.

The fact that growth rate and survival ot pine reproduction weve
considerably better on grazed areas suggests vegulated grazing as a
practical means of controlling herbaceous competition.  This was also
implied in later studies (44) m which I)L‘zll‘b‘i)ll. found t]mt clipping the
native grasses materially increased pine seedling survival in compari-
son with undisturbed grass plots, and gave results roughly equivalent
to an inttinl surface sealping.  Best survival, of course, was found
on areas kept continuously free of competing vegetation. He also
found that spring-growing species, such as \rizona fescue, offered
more competition to pine seedlings than grasses that remaiuved dor-
mant until the beginning of summer rains.

On the Metz Mountain burn, ponderosa pine seed was planted in
2-vear-old seeded stands ot herbaceous vegetation representing a
vaviety of species and densities.  Germination of the pine seed was
wnaftected by either the kind of hevbaceous vegetation ov differences
in basal densities. At the end of the second growing season, pon-
derosa pine seedlings survived in 51 percent of the seed spots.  Pine
seedling sirvival tended to be inversely related to the total hasal den-
sity of the herbaceous vegetation (fig. 16), but there was no appavent
relation between pine seedling survival and the weight of herbage pro-
duced.  Where the competing herbaceous seeded and native vegeta-
tion was completely eliminated by scalping and kept suppressed by
subsequent weeding, seedlings survived in 90 percent of the seed spots.

Although herbaceous vegetation, seeded and native alike, advevsely
affects pme seedling survival, fairly good survival has been obtained
in spite of this competition. Moreover, the indications are that
adapted grasses and forbs seeded on disturbed timberland sites offer
no greater obstacle to pine vegeneration than does natural revege-
tation. ~Even though pine reproduction may often be inhibited by a
vegetative cover, 1t 1s questionable whether an attempPt to maintain
large areas of bare soil to expedite reforestation is either practical or
desirable. This is especially true where sources of tree seed are in-
adequate. Small areas disturbed in logging operations may not need
trentfment to restorve vegetative cover where erosion hazards are not
great,
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F1cUre 16.—Relation between ponderosa pine seedling survival and basal density
of herbaceous vegetation for seed spots planted in 2-year-old seeded stands
of herbaceous vegetation at the Metz Mountain burn.

SELECTING THE SITE

Recent burns, on which the vegetation and litter have been largely
destroyed by fire and the ground surface left covered with a layer of
loose ash, are good seeding sites that do not require further scedbed
treatment (fig. 17). Older burns, thougl less favorable, provide satis-
factory seedbeds as long as the soil surface is relatively free of weeds
and loose enough that the seed will become adequately covered.

Timbered areas disturbed by logeing operations or by construetion
work to such an extent that native vegetation has been largely de-
stroyed make good seeding sites providing the bared wreas are seeded
before they are reinvaded by weedy plants (fig. 18). This condition
often exists along abandoned logging roads.  Such sites usually re-
quire the construction of water bars and drainage structures in advance
of seeding for effective control of soil movement. Seeding is not rec-
ommended for such sites when the ground has been only lightly dis-
turbed and mnch of the original plant cover remains.

Trials on the C'oconine Sales area in northiern Arizona provide evi-
dence that a large aniount of soil disturbance with the attendant elim-
mation of native plant competition is necessary for good seeding
results (fig. 19). Unsatisfactory stands resulted where seed was
broadcast on sites with 50 percent or less <oil disturbance, and satisfac-

tory stands were obtained where 75 percent or more of the soil was
disturbed.
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F-472070

F1cvrE 17.—This ground surface of a recent bhurn. on which all native vegetation
has been completely destroyved and a layer of loose ash left, is a favorable site

for seeding,

The feasibility of seeding must be judged individually for each dis-
turbed site.  For example, on skid trails where the soil has not been
sufliciently disturbed to ehiiminate an adequate amount of native vegeta-
tion, seeding results would probably be poor.  On such areas, drainage
structures to prevent erosion together with protection from livestock
erazing to promote natural recovery 1s probably the best method for
restoring a satisfactory cover.

SPECIES ADAPTED FOR SEEDING

Tests of more than 40 species have been made on disturbed ponderosa
pine timberlands. The 20 best adapted for seeding are shown in
table 6.

Selection of species for a specific planting depends on the site char-
acteristics and the purpose of the planting. Thus to obtain erosion
control, a quick and eftective cover is of greatest imporvtance. The
need on other sites may be for species able to become established and
grow on a poor seedbed or with a minimum ot erazing protection. On
many plantings length of life of the seeded species, the competition the
species g1ves to ponderosa pine regeneration, or the likelihood of losing
the seed by washing must be considered. A sufficient number of
adapted species with the characteristics required for seeding on the
various kinds of disturbed timberland sites are available to meet most
needs. Table 7 presents a generalized summary of the important char-
acteristics of the adapted species.
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» #;

F-472069, 472112

F1eURE 18.—4, A logging road shiortly after abandoninent. Ior the most effec-
tive control of soil movement, water bars and drainage facilities should be con-
structed and the site seeded. £, Timberland disturbed by the laying of g
natural-gas pipeline. Seeding would protect this expensive investment against
erosion, and becanse of the necessity for pipeline maintenance, grass is more
desirable than trees on this disturbed avea.
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Frerre 19.— Relationship between degree of =oil disturbance in a logging opera-
tion and subsequent s cess of seeded grasses.  (Coconino Sales area.)

On logging roads used intermittently. and on drainageways, the
long-lived sod-forming grasses such as intermediate wlheatgrass and
smooth brote will give maximum soil protection and can re-establish
themselves more easily after repeated disturbances.

On critical areas where erosion control is the primary purpose of
the planting, species should produce either a dense ground cover, a
Laree volume of herbage, or hetter still, a good combination of both
(0)y.  Outstanding in this respect are Intermediate wheatgrass,
orchardgrass, and tall wheatgrass among the long-lived perennials,
and slender wheaterass, Canada wildrye, and blue wildrye among the
short-lived perennials (table §).  Of the annuals, black mustard 1s
hest because of the large amount of herbage it produces.  All of these
species, with the exception of the mustards, can also be utilized as
forage by both Livestock and wildlife. The annuals and short-lived
perennials are usetul for temporary cover uintil pine reforestation can
be accomplished.

On steep slopes or easily eroded soils, quick initial protection against
soil erosion 1s especially itmportant. The annual mustards grow
rapidly on burns and produce a dense nitial cover. Although these
plants die at the end of the first growing season, they leave a large
amount of litter that gives some soil protection the second year
(fig. 20). Volunteer seeding is poor. Perennial grasses start much
more slowly the first growing season but provide better cover by the
second growing season (table S).

There is a possibility of using a combination of a fast-starting
annual and a slower starting perennial, such as black mustard and tall
wheatgrass, to achieve both a rapid initial and a long-lasting protec-
tive cover.  Preliminary tests of such mixtures arve promising. Also,
a mixture of yellow sweetelover and erested wheatgrass has given
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Tavre T—Characteristics of species adapted for seeding disturbed
timberlands*

Q“}.d‘ ! G?lle‘ral Sced re-
' vt el‘OiIOH Secedling | sistance | Palata-
Species Protae-S IO EINS o to bility
tion tion L i
value value 2
l
Long-lived bunchgrasses:
Big bluegrass_ ... __ F ¥ 1P P r
Orchardgrass_ . ____ B F G G F E
Crested wheatgrass._ . o P F F P F
Tall wheatgrass_____________ F G G G P
Russian wildrye_____ - P F P F F
Long-lived sodgrasses:
Smooth brome. - ___________ F F F P G
Western wheatgrass - - _____ P G F F F
Intermediate wheatgrass_ - __ F E G G G
Short-lived bunchgrasses and
legumes: |
Tall oatgrass — — [ F F F P F
Winter ryve .. _ A F F r G F
Mountain rye. . ____________ I F F F G T
White sweetelover ________ __ F F F G F
Yellow sweetclover  ________ F F F G F
Slender wheatgrass - __ ___ F G G G F
Blue wildrve_ - ____________ | F G G F ‘ F
Canada wildrye_ ____________ F G G F | F
Annuals:_ [
Black mustard. - _________ B G G G ®)
India mustard _____________ l 8 . II:: (1«3 | G l )
3 G

White mustard___ ___________ | [ @)

! E=Excellent; G=Good; F=Fair; P=DPoor.
2 No palatability.

vood results on one large-scale planting (fig. 21). However, yellow
sweetelover is a biennial that starts growth more slowly than annuals
such as the mustards. In using mixtures of species with ditferent
mitial growth rates, there i1s always the danger that the faster starting
annual species may use most of the soil moisture during the dry periods
of the first year and cause the death of the slower starting perennial
(318).

Pine burns, cutover lands, and other disturbed areas require species
that are easily established without intensive site preparation, because
site conditions following disturbances often prevent thorough tillage.
One author suggests that the failure of larger seeded species used in
broadeast seeding on burns in northern Idaho was caused by the seed
not being covered (). However, results obtained in the Southiwest,
indicate that seedling vigor is probably an even more important factor
tl}:lll coverage. Species that have proved 1ost easily established on
disturbed timberlands, without special tillage or covering, include
among the perennials intermediate, tall, and slender wheatgrass;
orchardgrass: blue wildrye: and Canada wildrye; and, among the
annuals, black and India mustard.
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F-472082

Ficure 20.—This 10-week-old stand of India mustard, seeded on a burn, gave
good initial protection against "erosion.  Although it died out at the end of
the first growing season, the large amount of litter gave some protection the
second year.

TasLE S—Compurative value of species used in seeding for erosion
control, as indicated by herbage yields and basal density’

Air-dry ‘ B
. herbage asal
Species vield per density
acre ‘
Metz Mountain burn:

Long-lived perennials: Povinds Percvnd
Intermediate wheatyrass_____ _ _________________ a50 | 42
Tall wheatgrass_ . _ . _______ = i
Orchardgrass___________________ . __________.__ 410 I 16
Western wheatgrass_ . _______ A00 22
Smooth brome_ __ o ________ 230 . a0
Crested wheatgrass_ - _____ ___________________. S0 .22
Grimm alfalfa_  ___ _ _ ______________ 2 2

Short-lived perennials:

Slender wheatgrass_______ . ______________ 870 1. 40

Mountain ryve_ ___ . . 340 Bl

Winter rye______ __ . 330 . 12

White sweeteclover_ _ - 310 . 1B

Tall meadow oatgrass_ _ oo oo ___ 260 20
A-1 Mountain burn:

Short-lived perennials: . -
Canada wildrve_ __ __________ . _____- h;_||'_i it
Primar slender wheatgrass_ . _____________ 470 i
Blue wildrye_ _________ o ____ 305 124

Annuals:

Black mustard_ __ _____ . S 125 21
India mustard ____ o __ 125 . (R
White mustard . _ o eeem o 320 .10

! Measurements were made at the end of the first growing season for annuals
and at the end of the second growing season for perennials.
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F~478103

Freens 21.—A 2-vear-old mixtare of yellow sweetclover and crested wheatgriss
seeded on 1,330 acres of ponderosa pine burn in northern Arizona,  The fair
<tand of crested whentgriass is obscured by the rank growth of yellow sweet-
clover, This eritical slope was also contour furrowed as an additional
mechianical aid in preventing erosionn,

84 ¢
1,

F-472096 [

Freure 22.—Seed washing is a serions problem on seeded burns,  On this expert- i
mental plot, heavy washing of light chaffy hig Dluegrass seed resulted iu the
Bare slope at the background and the concentration of plants in the depression. I
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Though successful plantings have been obtained on disturbed tim-
berlands without complete grazing protection, some unsatisfactory
plantings have resulted from excessive grazing and trampling. Where
grazing use 1s unavoidable, seeding is feasible with species such as
tall, crested, and slender wheatgrass; Canada and blue wildrye: and
black mustard. These species are less readily eaten by livestock than
others such as orchardgrass and smooth brome. Or, the more grazing-
resistant rhizomatous species, such as western wheaterass, can be used.
All of these species have established satisfactory stands and main-
tained good vigor over periods up to 6 years in small-scale test plant-
ings open to grazing on disturbed timberlands.

Seed washing is often a serious problem, especially in areas inclnding
steep, smooth slopes, and where torrential rains are common. Light
chaffy or trashy seed are most susceptible to being floated off and
washed away by runoff water (fig. 22). This danger can be de-
creased by using species that have clean, heavy seed and resist move-
ment, such as tall, intermediate, and slender wheaterass; black mus-
tard : sweetclover: and mountain rye.  Special cleaning treatment to
reduce chafliness might also he well justified.

METHODS FOR ESTABLISHING A PROTECTIVE HERBACEOUS COVER
Ponderosa Pine Burns

Grasses and forbs can be seeded most easily and effectively on
ponderosa pine burns by broadcasting the seed onto the fresh, loose
ash. Other methods of planting are usually not practical because of
the large numbers ot standing dead trees, the debrig, the rough to-
pography, or the rocky =oil. Burns that are allowed to reman un-
treated are commonly subject to soil compaction and erosion, and
they eventnally are invaded by a weedy cover that is usually of Tow
erosion-control and forage value and i addition interferes with the
establishment of any artificially seeded vegetation (fig. 23). On older
burns, satisfactory seeding by broadcasting alone can only be accom-
plished where the ground is still free from weedy competition and
enough loose ash remains to furnish a good seedbed. DBecause few
burns retain these conditions for as long as 1 year, they should be
seeded as soon as possible after the fire.

Since mechanical seed coverage on most pine burns is usually not
practical, species that do not require thorough coverage for good
establishment give best results. .\ test of 11 species planted on a
fresh bnrn at Metz Mountain indicated that the need for mechanical
coverage, as shown by a comparison of seed coverage by hand raking
with natural coverage in fresh ashes, varied among individual species.
Although the number of plants established wus consistently better
when raking followed broadecasting, this was not always true for basal
density and herbage yield, and there were significant differences for
individual species. Table 9 shows the 11 seeded species arranged
approximately in decreasing order of success in the unraked plant-
Ings, as indicated by basal densities and herbage yields. These re-
sults show that mechanical seed coverage on fresh pine burns is benefi-
cial, but for many species not enongh =o to justify the increased cost
of this practice, ’
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Frerpe 23—, An untreated burn 7 years after the fire, occupied by a sparse
cover of weeds that provide only poor site protection and greatly reduce
chzln_ces for S(_eeding success. Oune of the weeds is bracken, ‘a rhizomatous
species that will eventuully occupy the entirve site and offer severe competition
to pine 1~e1)}'0(1u(ftiou. B, A stand of slender wheatgrass planted in the fresh
ash 11111_nedmte1y after a burn, which is providing good soil protection and
preventing weed invasion at the end of the second érowing season.

Hand-broadeast seeders wre well snited for use on small burns and
larger, irregular burns where spot seeding is necessary. lHowever, on
large, vniform areas, airplane seeding is more efficient (5). Costs of
airplane seeding compared with those of hand planting on pine burns
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TasLe 9.—FE fects of covering seed by hand raking on basal density,
herbage yield, and plant establishment for a ponderosa burn at Metz
Mountain

Air-dry herbage | Plants per square

Basal density !

vield per acre!? foot !
Species = ———— | e ey
Raked Area not, Raked |Area not| Raked | Area not
area raked l area raked | area, raked
|

Percent | Percent | Pounds | Pounds | Number ‘ Number
Slender wheatgrass____ 1. 40 1. 40 S40 880 4.2 2 3
Orchardgrass______ ___ .46 1. 16 300 410 1.9 11

Intermediate wheat- ‘

GrasS_ oo ___ .76 .42 1, 360 950 2.9 1.6
Tall wheatgrass_______ . BS .40 880 SH0 1.1 . 6
Mountain rve_ - ___ . 58 c22 ] 1,110 340 6 .3
Smooth brome________ .48 . 30 450 | 230 2.0 1.4
Western wheatgrass___ 28 .22 240 300 3.4 3.3
Tall oatgrass _____ ___ . 58 .20 320 | 260 10is .4
White sweetclover_ ___ .02 .16 110 310 .5 .4
Winter rye___________ . S8 .12 1, 000 330 1.0 . 8
«rested wheatgrass____| .48 . 224 280 S0 2.5 . 6

1 All counts and measurements made at the end of the second growing season.

are not available for the Southwest, In eastern Oregon, however, it
was relatively inexpensive (55). These, airplane seeding costs were
estimated to be only half that of hand broadeasting under normal
conditions, and even less where Iabor is expensive.

Logging and Construction Disturbance

Ordinary farming equipment is not well snited for the seedbed prep-
aration that is necessary on much of the disturbed timberlands in the
ponderosa pine zoue. It is impossible, for example, to use the com-
mercial single-disk drill on the rougher steeper terrain, and even on
gentle slopes the nneven ground surface resalts in only a small per-
centage of the seed being planted at the proper depth. Therefore,
seeding is most practical where the seed can be broadcast on loose so1l
so that natural coverage by sloughing takes place. Drilling or other
types of soil tillage are practical only where the ground 1s not too
rough or steep and debris is not present in suflicient amounts to mter-
fere with these operations. Droper drainage structures are usually
needed to prevent seed washing and excessive erosion while the vegeta-
tive cover is becoming established. When possible, such structures
should be installed before the planting is done. ‘

Where the soil lias been compacted by heavy equipment, settling, or
washing, treatment to loosen the surface is necessary. A planting
method, such as drilling, which will loosen the soil snrface and distri-
bute and cover the seed all in one operation is desirable. At the
Coconino Sales area in northern Arizona 1 years after seeding, crested
wheatgrass drilled into a highly compacted logging road produced 1.5
times as much protective vegetation as broadeast seeding followed by
covering with slash, 1.7 times as much as broadcasting followed by
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12, 1.7 tintes as much as broadcasting alone, and 28.3
times as much as natural revegetation. _

Drilling should be done on the contour wherever feasible. Seeded
stands established in drill rows running down the slope tE‘llld to con-
centrate runofl water between the rows and to decrease the effectiveness
of erosion control. Therefore, on long narrow timberl :111(1‘(11_st111'bances
such as abandoned roads, skid trails. or pipelines where drilling on con-
tour is not possible, some other niethod of planting is preferred. For
example, broadeast seeding and then covering with slash deserves more
consideration in the artificial revegetation of logging roads and ‘Skld
trails, because of its initial erosion-control value. This is especially
true for the steeper slopes. In the heginning, the slash cover 1s more
effective than the planting for checking erosion. Then as the slash
gradually deteriorates, the established plants assume the major role in
stabilizing the soil. ‘ ‘

Broadeast seeding proved valuable for supplying a protective cover
on roadside strips disturbed by mechanical slash cleanup at the Coco-
pino (g, 24) and Lattle Mountain Sales areas in northern Arizona.
This method alone was effective since the soil surface was loose over
most of the avea at the time of planting.  Stand densities averaged six
times as great for spot seeding after mechanical slash cleanup as for,
seeding before cleanup. Where plantings are made after mechanical
slash piling, the best seeding sites can be easily detected and no seed
is wasted on undisturbed soil.  Moreover, the danger of seed being
destroyed in slash-burning and by being buried too deeply during the

cleanup operation is also avoided.

lLight harrown

Seeding Rates and Proper Time for Planting

The same seeding rates and standards of seed quality recommended
for pine openings n table 5, p. 24, ave also suitable for disturbed tim-
berlands.  In addition, black, India. and white mustard have been
veeded successfully at a seeding rate of 5 to 6 pounds per acre. The
minimum rates are for good seedbeds and for an intensive method of
planting, such as dvilling.  Under less favorable conditions, the higher
ceeding rate should be used. Seed purity for black and India mustard,
97 percent : and seed germination, 85 percent. Seed purity for white
mustard, 95 percent : and seed germination. 90 percent. These rates are
similar to those used in California for burned brushlands (15).

The planting time for disturbed timberlands must be correlated
both with favorable moisture conditions and the period when the
disturbance occurs.  Careful advanced planning is therefore neces-
sary for successful seeding and greatest efliciency.

Forest fives in the Southwest mainly oceur during the hazardous
dvy spring peviod of April, May, June, and sometimes early July.
Ldeally, these fresh burns should be planted immediately preceding
the Arst dependable summer moisture. Seed planted earlier may
cerminate following light spring showers, which are too scanty to
maintain the seedlings until the more dependable summer rains.
Plantings made after the summer rains have begun are usually handi-
cup‘pgd by compacted and eroded soils and sometimes by weed com-
petition. In addition they lose the benefit of part of the summer
moisture, thus making less growth the fivst season, an important
factor both for initial soil protection and plant survival. For al
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F—472071, 472097

Ficure 24 —Roadside strips bared of herbaceous vegetation in the process of
mechanieal slash cleanup can be successtully seeded for soil stabilization and
improvement, to keep out nndesirable weeds and maintain a low fire hazard,
to provide forage for livestock aund wildlife, and to improve esthetic values.
4, A disturbed roadside strip at the Coconino Sales avea in northern Arizona,
\\'lhich is being broadcast to tall wheatgraxs. B, The same site 2 years after
planting,
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practical purposes, the hest average ])l.zmting '])eriod is between .T}me
15 and Jnly 1. Older burns still suitable for seeding are Sub]‘e(-t
to the same conditions as fresh burns and should be planted during
the same period. _ =5 ) )

Logging and construction activities are mnm]y carried on from t]‘le
time the eround is dry in the early spring until heavy snowfall m
the winter. The best period for planting will, therefore, depend in
part on the time when the disturbance occurs. Ilere the aim should
be to plant when chances for suceess without seedbed preparation are
greatest.  Thus, spring distirbances should be seeded just before
the summer rains—June 15 to July I—to take advantage of both
favorable moisture conditions and a loose seedbed. Summer dis-
turbances between July 1 and August 15 shonld be seeded as soon as
possible after they occur.  Tn this way the necessity for tillage because
of soil compaction can nsually be avoided. In locations where de-
pendable. heavy snowfall occurs, fall plantings after September 15
can be carried on in the same manner as for the summer. On com-
pacted sites where loosening of the soil surface is required, seeding
shonld be done concurrently with tillage in the period between June
15 and Augnst 15.

GRAZING MANAGEMENT AFTER SEEDING

Grides presented for grazing seeded openings also apply in general
to seeded timberlands.

Some satistactory plantings have been obtained on disturbed timber-
Iands in the Southwest withont special protection from livestock,
Others, however, have been severely damaged by excessive grazing
and tramplime during their early growth. To minimize the chances
for failure, it is best to protect new plantings from grazing during
the first 2 years whenever possible.

Seeded stands on sheep ranges can be managed by herding. On
cattle ranges, however, studies 1 other areas (74) show that measures
such as salting away from seeded areas. closing oft stock water, fenc-
g, riding, and changing the place where the cattle ave turned into
the range are usnally necessary to eet wood cattle distribntion. This
1s also true for the Southwest. Small., scattered seeded spots on
logged-over lands can sometimes he mitially protected by covering
with slash.  Also. the use of the less palatable or grazing-resistant
species is a possibility for these areas. Larger seeded areas. such as
burns, ave often best and most easily protected and managed by
fencing.

As mentioned earlier, the benefits of grazing to encourage pine
seedlings on disturbed timberlands deserves consideration. Pearson
(2. 74) found that clipped grasses and forbs used less moisture than
unclipped ones and that moderate to close grazing increased pine
seedling survival unless pine browsing was too severe. Preliminary
evidence indicates that grazing may be even more effective for the
control of seeded stands on disturbed timberlands than for natural
revegetation, since many of the species used for seeding are more
reacily grazed than most of the native weedy invaders. Pearson (34)
cautioned that grazing to the point of denudation is not advisable
because it results in browsing of pine seedlings, erosion on the slopes,
and the packing of soil in the valleys. '
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COMMON AND BOTANICAL NAMES OF SPECIES

MENTIONED
TREES
Wouglas-fiv______________________ Pseudotsuga menziesii
1 e o Abies spp.
Bpen: - ________ duni perus spp.

Oak, Gambel

_____________________ Quercus gambelii

Pine, himber_____________________ Pinus flexilis
Pine, pinyon_______________ _____ P. edulis
Pine, ponderosa________________ . ponderosa
S Dicea spp.

HERBACEOUS PLANTS

Abfalfa, Grimmn__________________ Medicago  sativa  Thort. var.

GRIMM

Alfalfa, Ladak_ _________________. M. sativa hort. var. LADAK
Bluegrass, bye___________________ LPoa ampla

Bluegrass, Kentueky_____________ . pratensis
braeken—_______________________ Ptevidivan aquilinum
Brome, mountain________________ Dromus carinatus
Brome, smooth__________________. . tnermis
Canarygrass, reed________________ Dhalaris arundinacea
Fescue, Avizona_________ __ ____ Festuca arizonica
Fescue, tall (or reed)____________. F.oarundinaceq
Goldenpea, pine___________ ___ T hermopsis pinctorm
SeNmA bloe . _____________ Douteloua grucilis
Muhly, mountam_________________ Mullenbergia montana

Mustard, black_____ SRR Brassica nigru
Mustard, India-___________ R . juncea

Mustard, white__________________ Do hivta (=8, alba)
Muttongrass (or mutton bluegrass) . LPoa fendleriana
Oatgvass, tall - __ Arrhenatherin elatius
Orchavdgrass____________________ Dactylis glomerata
Redtop_— ALgrostis alba

Rye, mountain___________________ Neeale montainon
Rye, Michel’s hiybrid winter_______ N. cereale
Squirreltail, bottlebrush__________ Nitanion hystriz
Sweetclover, white_______________ Melilotus alba
Sweetclover, vellow______________ M. officinalis
Thistles_____ ___ BN e ('irsium Spp.
Timothy_____________ _________ Phlewan pratense
Wheatgvass, beardless____________ Agropyron inerme
Wheatgrass, bluebuneh___________ A. spicatin

Wheatgrass, western (or bluestemn) - . smithii
Wheatgrass, crested; also called

Standard crested wheatgrass____ L. desertorum
Wheatgrass, intermediate_________ A intermedium
Wheatgrass, Primar slender______. A. trachycavlinn hort. var.
PRIMAR
Wheatgrass, pubescent___________. . 1. trichophorum

Wheatgrass, slender 1. trachyeanhun
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HERBACEOUS PLANTS—Continued

Wheatorass, tallo - A.elongatum
Wilclmwes bluce i EESSESEE ST S—— Elymus glaucus
Wildrye, Canada_ oo omoe- ‘. canadensis
Wildrye, Russian_ - —————————. I, junceus
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